The International Linear Collider is now proposed with a staged machine design, with the first stage at √ s = 250 GeV and an integrated luminosity goal of 2 ab −1 . One of the questions for the machine design is the importance of positron polarization. In this report, we review the impact of positron polarization on the physics goals of the 250 GeV stage of the ILC and demonstrate that positron polarization has distinct advantages.
Introduction
Recently, the plan for the International Linear Collider (ILC) has been revised to a staged machine design with the first stage at √ s = 250 GeV [1] . The physics for such a staged machine has been sumarized in [2] , based on electron and positron beam polarization, with 80% polarization of the electron beam and 30% polarization of the positron beam, as foreseen in the ILC Technical Design Report [3] . Electron polarization is essential for all of the physics goals of the ILC. It plays an important role in the measurements proposed for every physics topic that will be studied at this machine [4] , and we will not comment further on the role of electron polarization in this document.
The baseline design of the 250 GeV stage of the ILC described in [1] includes a polarized positron source. However, because there exist alternative concepts with complementary strengths and weaknesses, the Linear Collider Collaboration (LCC) requested a survey of the importance of positron polarization to meet the physics goals of the 250 GeV stage. This report is intended to address that request.
The role of positron polarization at future e + e − colliders has been reviewed in great detail in the past [5] , and updated for the case of 30% positron polarization [6] . These reports identified three main benefits of positron polarization. In this report, we will trace the influence of these through the physics topics of the 250 GeV stage of the ILC.
There are three main effects of positron beam polarization which will be discussed in the context of specific physics examples in this note:
1. Positron polarization allows us to obtain subsamples of the data with higher rates for interesting physics processes and lower rates for backgrounds. Since sensitivities do not combine as a linear sum, the combination of results from e.g. two data sets with small and large signal-to-background ratio, respectively, is more sensitive than a single data set with the same total number of signal and background events.
2. Positron polarization offers four distinct data sets instead of the two available if only the electron beam can be polarized. Most important reactions can be studied with the opposite-sign polarization modes only, but there are measurements in which the two like-sign polarization states give additional or even unique information. The flexibility in choosing between these configurations (and possibly even five more when considering parts of the data to be taken with zero longitudinal polarisation) is a unique asset of the ILC.
3. The likely most important effect is the control of systematic uncertainties: The precisions aimed for at the ILC can only be reached if all relevant systematic uncertainties are controlled to the same level as the statistical uncertainties or better. This requires sufficient experimental redundancy in order to determine all relevant nuisance parameters in-situ. While it is difficult to estimate reliably systematic uncertainties in the absence of real detectors and real data, we present one example based on ILC Monte-Carlo studies below. In addition we discuss a real-life example from the SLC which is very instructive also for the ILC.
As we survey the various physics topics, we will conclude that the first of these advantages can in many cases be compensated by an increase of the running time by 2 − 3 years. The second advantage is a qualitative one, and the loss in degrees of freedom from 4 to 2 independent data-sets 1 will be paid in terms of less modelindependence of the measurements and their interpretation.
The third advantage that we have cited here is less easily quantified. However, the advantage of positron polarization for systematic control in precision experiments is a very important one for the ILC program. In particular in the event that the ILC discovers an anomaly with respect to the Standard Model in a precision observable, the additional measurements made possible by positron polarization will be important to give confidence in the presence of this effect with respect to possible systematic uncertainties.
On this basis, we find that positron polarization has an important role to play in the ILC program.
This note is structured as follows: we will begin with a recap of polarization formalism in Section 2 and discuss polarimetry, with special emphasis on the case P e + =0 in Section 3. In Section 4, we will illustrate the importance of positron polarization for the control of systematic uncertainties by the example of 2-and 4-fermion processes including W boson pair production, and explain the role of positron polarization in the search for new sources of CP violation. Section 5 addresses the influence of positron polarization on precision Higgs boson measurements. Section 6 discusses positron polarization in the context of searches for new phenomena. We finally give our conclusions in Section 7.
2 Polarization at e + e − Colliders
In order to discuss the effects listed above in more detail, we recall a few general considerations. As weak interactions are chiral, i.e. W ± and Z bosons couple differently to left-handed and right-handed fermions, and only left-handed fermions take part in charged weak interactions, polarization effects play an important role in strategies to extract information from e + e − reactions. Since all the strong motivations to search for physics beyond the Standard Model (SM) of particles physics relate to its electroweak sector, there is every reason to expect that also new phenomena will depend on the chirality of the involved particles.
Any real particle beam will contain a mixture of N L left-and N R right-handed particles, given by the longitudinal beam polarization
Depending on the orientation of the full polarization vector, there can also be transverse polarization, which will play a role later when we discuss CP violating effects.
The spin rotator systems of the ILC [7] , which are needed to turn the polarization into the vertical before the damping rings and back into the longitudinal direction afterwards, have been designed carefully to allow any orientation of the polarization vectors at the e + e − interaction point. In the following, however, "polarization" refers by default to longitudinal polarization, unless transvese polarization is explicitly mentioned.
For electron beam polarizations P e − and positron beam polarization P e + , the cross section of any reaction is computed from the four possible pure chiral cross sections (with σ LR for left-handed electron and right-handed positron etc.) as
The unpolarized cross section σ 0 is given by
Further important quantities are the left-right asymmetry A LR , the effective luminosity L eff , and the effective polarization P eff :
The quantity P eff can be substantially closer to ±1 than achievable single beam polarizations. For example, for P e + = +0.3 and P e − = −0.8, L eff = 0.62L and P eff = −0.89, while in case of P e + = 0, L eff = 0.5L and P eff = P e − . The drop in L eff means that descoping from P e + =30% to P e + =0 is for most processes equivalent to a 24% loss in luminosity, and at the same time the reduction of P eff translates into a 10% reduction of analysing power for left-right asymmetries, which are important observables for electroweak and Higgs physics.
For the ILC physics programme, several distinct types of process are of particular importance:
• s-channel Z/γ exchange: For the s-channel exchange of a vector boson, the spin of the incoming particles have to add up to a total spin-1 configuration, therefore only σ LR and σ RL are non-zero. In this case, the polarized cross section simplifies to:
Important examples are Higgs production via Higgs-strahlung and fermion-antifermion production, e.g. bb production.
• t-channel W or ν e exchange: Since only left-handed fermions and righthanded anti-fermions take part in the charged weak interaction, only σ LR is non-zero in this case, or in other words A LR = 1, thus
Important examples are Higgs production via W W fusion and W pair production, but also neutrino pair production as background for missing energy signatures. In this case, the impact of L eff and P eff is even more striking: for P e + = +0.3 and P e − = −0.8, the cross section increases by 30% w.r.t. P e + = 0 and P e − = −0.8. In the opposite sign configuration, which in case of e.g. W W measurements serves as in-situ background determination, P e + = −0.3 and P e − = +0.8 gives a 30% reduction of the remaining signal pollution w.r.t. P e + = 0 and P e − = +0.8.
• single W production: In this case, only one of the beam particles emits a W boson, which scatters on a photon (or a Z) from the other beam. Since the photon and the Z boson couple to left-and right-handed fermions, σ LR and σ LL are allowed for W − production, while σ LR and σ RR are responsible for W + production. So in these cases, the polarized cross sections are given by:
with the upper signs for W + production and the lower ones for W − production. The relevant asymmetries are
• new physics: Depending on the kind of new physics, in principle all four chiral cross sections can be relevant. The measurement of the full set of chiral cross sections delivers important information on the interaction of the new particles with SM particles. We will discuss WIMP dark matter as a specific example below.
In order to evaluate the role of positron polarization quantitatively, we need to refer to a specific operation scenario. Throughout this document, we will assume a total integrated luminosity of 2 ab −1 to be collected at a center-of-mass energy of 250 GeV. For the case of |P e + | = 30%, we assume that 45% of the data will be collected with P e − = −80% and P e + = +30%, another 45% with reversed signs, and 5% on each of the like-sign configurations, in accordance with [2] . In the absence of positron polarization, we assume half of the data to be taken with P e − = −80%, and the other half with P e − = +80%. These specific combinations will be referred to as "P e + = 30%" and "P e + = 0" scenarios in the remainder of the document.
Determination of the Beam Polarization
The polarimeters [8] in the beam delivery system of the ILC will provide fast online measurements of the beam polarization ∼ 1.7 km before and ∼ 150 m behind the e + e − interaction point with precisions of 0.25%. However the luminosity-weighted average polarization during the e + e − collisions, which can differ from the polarimeter measurements due to spin transport and depolarization effects [9] , will ultimately be obtained by a combination of the polarimeter measurements with e + e − cross section measurements. For the case of P e + = 30% it has recently been shown that the goal of 0.1% precision on the luminosity-weighted average polarization can be reached [10] for each of the datasets foreseen in the H-20 running scenario [11] , even when treating the absolute values of the beam polarizations for positive and negative signs as independent parameters, thus allowing for an imperfect helicity reversal.
Before we discuss the effect of the positron polarization on Higgs and SM measurements as well as on BSM searches in the next sections, it is important to address the following question: Can we, in the case of an unpolarized positron source, rely under all circumstances on P e + ≡ 0 without in-situ control of this assumption? Or should P e + rather be included as nuisance parameter, possibly constrained within the polarimeter uncertainty?
While there is no obvious origin of polarization (other than the polarized sources) in the design of the ILC, we need to consider what would happen if we indeed observe a discrepancy from the Standard Model prediction, e.g. in some cross-section asymmetry. Before being able to claim an observation of physics beyond the SM, it would be our duty to exclude any other explanation for the observed discrepancy, however unlikely it might seem. Depending on how well this will then be possible a posteriori, any remaining doubt would shadow the ILC's discovery potential.
Actually there is an example of exactly such a situation in the measurement of the effective weak mixing angle via A e LR by the SLD experiment and via A b FB at LEP, which differ by more than 3 σ [12] . While the SLD measurement of course relied on the SLC electron beam being polarized, the SLC positron beam was nominally unpolarized and not equipped with a polarimeter. In view of the above mentioned discrepancy, the SLD collaboration in the end undertook a considerable effort in order to measure the positron polarization a posteriori to a precision of ±0.0007 in a dedicated experiment at SLAC's End Station A [13] -despite the fact that nobody had a mechanism for producing non-zero positron polarization from the SLC positron target! We conclude from this lesson than even for the P e + = 0 scenario, the positron polarization should be treated as a nuisance parameter in global fits, and that the polarimeters for the positron beam are essential even if the nominal polarization is zero.
Standard Model Precision Measurements
Precision measurements of all kinds of electroweak observables are at the heart of the ILC's physics program, and will be the basis for the precise and model-independent characterization of the Higgs bosons. Observables like total and differential cross sections, left-right and forward-backward asymmetries etc. enable us to probe energy scales far beyond the center-of-mass energy of the collider. See, e.g., [2] and references therein.
Higher precision of the measurements will thereby allow to probe higher energy scales. In order to reduce the impact of systematic uncertainties to a minimum, it will be necessary to constrain the actual observables of interest simultaneously with many so-called nuisance parameters, which model possible systematic effects. Classic examples comprise the luminosity, the beam polarizations, selection efficiencies as well as theoretical or parametric uncertainties.
Cross section and asymmetry measurements
Only recently a study to demonstrate the simultaneous extraction of total cross sections, left-right asymmetries and beam polarizations from differential distributions of all kinds of electroweak processes at the ILC was started. The results will be reported in this document for the first time, based on an extension of the framework described in [10] for the beam polarization extraction 2 . This study is currently by far the most comprehensive attempt at such a global interpretation, and directly targets ILC operation at 250 GeV.
The study makes use of the errors projected for ILC on the following observables: for W pair production, single W production, the total cross sections (for each setting of the beam polarizations) and the (binned) differential cross sections with respect to the W production and decay angles; for single W production, the total cross sections and differential cross sections with respect to the W decay angles; for 2-fermion processes, the total cross sections and differential cross sections with respect to the fermion production angle. Measurements of the beam polarizations by the polarimeters to an accuracy of 0.0025 are also included. The analysis also includes the possibility of an undetected bias between the polarization measured at the IP. A fit is performed and the following parameters are extracted: the total unpolarized cross section for each process, the left-right asymmetry for each process, and the beam polarizations separately for e − and e + , a total of 16 parameters. In the case P e + =0, only one parameter is considered for the positron polarization, giving 15 parameters in total.
While a full description of the procedure and it's results would go far beyond the scope of this document, we summarize here the findings which are of highest relevance to the impact of positron polarization. A full documentation will be available in early 2018 in the PhD thesis of R. Karl [14] . All numbers in the following are lower limits since detector inefficiencies and instrumental backgrounds have not yet been included. We therefore stress most the relative changes between different configurations, which are not expected to be significantly affected by these simplifications.
• In all the configurations studied so far, the electron polarization was always well determined to sub-per mille precision.
• Without a constraint on the positron polarization from the polarimeters, the positron polarization can only be constrained to 0.5% in the P e + =0 case. This is a factor 5 worse than usually assumed as systematic uncertainty, e.g., in the Higgs boson studies described in Sec. 5. At the same time, the resulting uncertainties on the total cross sections and on the left-right asymmetries grow by typically one order of magnitude compared to the case of P e + =30%.
• When adding the polarimeter constraint for the positron polarization, assuming no bias, the effects are partially mitigated: The polarimeter uncertainty propagates nearly one-to-one onto the positron polarization obtained from the fit, so with the polarimeter measuring P e + = 0 ± 0.0025, the final uncertainty is still 0.0024. The same applies for the total cross sections for W pair and single-W processes and the left-right asymmetries for the 2-fermion processes, which still are a factor 2-3 worse than in the P e + =30% case.
• If now a bias of 2.5 per mille is assumed between the polarimeter and the IP, thus P e + = 0.0025 ± 0.0025, we observe the following effects: In the case of P e + = 30%, the fitted cross sections and asymmetries receive a bias of typically −0.5σ, thus covered by the uncertainty. A larger discrepancy could be revealed by comparison with the results from a fit without the polarimeter constraint, which in case of P e + = 30% is, for sufficiently large data-sets, of similar precision. In the case of P e + = 0, however, all total cross sections and three out of the six considered asymmetries receive biases between −1 and −1.5 σ. Since the uncertainties without the polarimeter constraint are an order of magnitude larger, as described in the previous bullet, the opportunity of an independent consistency check does not exist in the case of P e + = 0.
Although this study is still work in progress, it illustrates that positron polarization plays an important role in beating down systematic uncertainties for all kinds of cross section and asymmetry measurements -including Higgs observables.
CP violation
CP violation is one of the key ingredients needed to explain the baryon-antibaryon asymmetry of the universe, which is fundamental to our existence. It is well established that the CP violation observed in the quark sector of the SM is too small to explain this asymmetry. Thus, we hope to discover additional sources of CP violation in the Higgs sector or in the neutrino sector. This is among the most important motivations for upcoming and future experiments.
Observables such as total and differential cross sections are CP -invariant, and so the observation of CP violation requires additional observables beyond those discussed in the previous section. In physics channels with sufficiently complex final states, CP -sensitive triple products can be constructed, or τ polarization can be exploited. In other cases, however, initial state polarization, and here especially transverse polarization is the only possibility. While it is not part of the default ILC operating scenario, the spin rotators could provide transverse polarization. The ILC polarimeters can measure this transverse polarisation when equipped with an appropriate detector for the Compton-scattered electrons [15] . For measurements sensitive to longitudinal polarization only, data-sets with transverse polarizations are equivalent to data setz with unpolarized beams, just as it was the case at LEP [16] , or at HERA [17] before the installation of spin rotators.
The importance of positron polarization in searches for CP violation in di-boson production depends on the number of parameters used to describe cross sections. For the process e + e − → W + W − , an Effective Field Theory description with dimension-6 operators only gives 5 parameters to describe the new physics effects. Of these, 3 are CP -conserving and 2 are CP -violating. All of these parameters can be extracted using only longitudinal polarization. Positron polarization is not required, though it gives a quantitative advantage in the statistical precision [2, 18, 19] . Similarly, in e + e − → γZ, the EFT description gives only one CP -violating parameter, which can be measured even without any beam polarization.
However, if we would like to test the most general parameter set for these reactions, the situation is different. Assuming only Lorentz invariance, the triple gauge boson vertices in e + e − → W + W − allows 14 complex (or 28 real) parameters [20] . Several of these parameters require positron polarization for their determination. In particular, the CP violating parameter h + = Im(g
/ √ 2 appears in the cross section formula in a term that contains the product of P e + and P e − and so explicitly requires both beams to be (transversely) polarized. Similar arguments apply to the determination of the most general parameters for the triple gauge boson vertices contributing to e + e − → γZ [5, 6] . Measurements based on these most general parameter sets are only possible with positron polarization.
Precision Characterization of the 125-GeV Higgs Boson
The most obvious effect of positron polarization on Higgs physics is an increase of the number of produced Higgs bosons by about 20%: Assuming SM cross sections, about 420 000 Higgs bosons will be produced in the P e + =0 scenario, while this number increases to about 500 000 in the P e + =30% case. These numbers are based on the luminosity sharing between helicity configurations as defined at the end of Section 2. Thus without positron polarization, the running time (and thus the running costs) would need to be increased by 19% in order to reach the same number of produced Higgs bosons.
The report [21] presented projections of uncertainties in Higgs boson couplings using an analysis based on Effective Field Theory. That analysis was based on the P e + =30% scenario. The results of the same analysis redone for the P e + =0 case and also with both polarizations zero are shown in Table 1 . In this interpretation, the loss of positron polarization has only a relatively small effect, degrading the Higgs coupling ratios g(hτ τ )/g(hW W ) and g(hbb)/g(hW W ) by 6%, with smaller effects on the absolute coupling determinations. This is mainly a statistical effect consistent with the drop in L eff explained in Section 2, since coupling precisions scale inversely with the square root of the luminosity. no pol. 80%/0% 80%/30% g(hbb)
1.33 with P e − = P e + = 0%, as well as the P e + =0 and P e + =30% scenarios defined in the Introduction.
However it should be noted that these results were obtained by scaling only the statistical uncertainties and assuming that all the systematic uncertainties stay the same, independently of the polarization. In particular it was assumed that the uncertainties on the measured cross sections (×BR) due to finite knowledge of the luminosity and the polarization are 0.1% each, whereas for H → bb-channels an additional uncertainty of 0.1% on the b-tagging efficiency has been considered. No uncertainties on e.g. the residual background contributions etc. were taken into account. While it is clearly better than not including any systematic uncertainties at all, this scheme does not reflect the increase in systematic uncertainties expected for the P e + =0 case:
• luminosity uncertainty: As we discussed for the example of SM cross section and asymmetry measurements in Section 4.1, the precision with which a global scaling uncertainty can be pinned down by treating it as a nuisance parameter in a global fit of many observables can depend quite significantly on the presence or absence of positron polarization.
• polarization uncertainty: Likewise we showed in Section 4.1 that the precision to which the positron polarization can be determined in-situ depends significantly on its absolute value. For P e + =0, it will be given de facto by the positron polarimeter measurement alone, and any bias in the polarimeter measurement will propagate into e + e − cross section measurements.
• b-tagging uncertainty: It still needs to be investigated in the future in how far the b-tagging efficiency could be constrained better from data when using all four datasets which are available in the P e + = 30% scenario, similar to the EW cross section example given below.
• background uncertainty: While such types of uncertainty are not included at all in the current Higgs coupling fit, it has been shown in other contexts, e.g. the W W -threshold scan [22] , that the datasets which have beam helicity configurations unfavourable for the signal can give a very important handle on the residual background. For many Higgs channels, W -pair production is an important background. In principle W W and ZH production exhibit already very different polarization dependence with electron polarization only. It should be subject of future studies whether this gives enough redundancy to control systematic uncertainties, since actually the left-right asymmetry of the ZH cross section plays an important role as input observable in EFT-based fits [21, 23] . Therefore, positron polarization is needed here as an extra handle in order to simultaneously constrain the left-right asymmetry of the signal and background contributions with different polarization.
Finally, though the EFT-based Higgs coupling fit has strong theoretical justification, it would also be desirable to test the validity of this framework from observations. Some parameters in this fit are constrained by precision electroweak measurements and constraints on anomalous triple gauge couplings. In [21] , the triple gauge couplings are constrained to depend on only 3 parameters (corresponding to shifts in g Z , κ γ and λ γ ), as predicted by the EFT formalism in leading order. As we have discussed in Section 4.2, it is possible at the ILC to constrain the most general set of triple gauge coupling deviations allowed by Lorentz invariance, but only if both polarized electron and positron beams are available. The presence of positron beams would then allow new tests that could confirm the constraints predicted by the EFT formalism or, alternatively, might indicate new light particles that would require further corrections outside this formalism.
Physics beyond the Standard Model
As opposed to the Higgs and SM precision program, which is guaranteed at the ILC, statements about new physics models could well remain speculative until we have ILC data in hand. While a discovery of course would be the ultimate triumph, also exclusion bounds can change the paradigms of our thinking. A recent example are the null-results in searches for plain vanilla SUSY as predicted by the constrained MSSM in the first run of the LHC. We have explained in [2, 28] that the ILC, even at 250 GeV, has an interesting window for new particle discovery consistent with the exclusions of new particles reported by the LHC experiments. However, still, these particles might not appear.
The role of positron polarization in BSM physics is sometimes discussed separately for discovery or exclusion, on one hand, and for characterization of the signal once it has been found, on the other hand, implying that e.g. in case of the ILC a polarized source could be built once a discovery has been made.
There are examples where this approach is valid, e.g. rather plain-vanilla SUSY, where e.g. pair production of (sufficiently light) scalar electrons could be disovered with a large significance after a few weeks or months of data taking [24] , even without positron polarization. Then, indeed a polarized source would be essential and could be added in order to perform a full study of the chiral structure of the new states [5, 25] .
In general, though, and especially for the highest accessible masses and the lowest detectable couplings, one could very well end up in a situation where a deviation from the SM becomes visible only with the full dataset, possibly even with a medium significance between 3 and 5 σ. In such cases, the ability to test the "characterization" part of the BSM program by exploiting the extra observables provided by positron polarization would give important and in some cases even crucial hints for convincing ourselves that the observed effect is indeed new physics, and would narrow down the possible interpretations. In other words, only in special cases is there a strict separation between "discover first" and "characterize later", while in real life, both are often intertwined.
Thus, there are examples where a discovery of new particle might be missed without the assistance of positron polarization. The most important of these are the following:
• Invisible particles: A very important search in which e + e − colliders offer a distinct advantage is the search for pair production of invisible particles in association with initial-state radiation. This search can uncover WIMP dark matter particles and other very weakly coupled states. At an e + e − collider, this is the mono-photon (photon + missing energy) signature [26, 27] . The SM predicts a low rate of mono-photon events, and that rate is calculable at the part per mille level. The pair-production reaction has a definite chirality, so that it occurs either in the LR/RL or LL/RR chirality configurations. Thus, positron polarization allows us to collect event samples in which the new physics effect is reduced and the SM backgrounds can be measured.
For the model of invisible particle production through an effective operator, the exclusion reach in the plane of the particle mass M χ and the mediator scale Λ has been evaluated for P e + =30% and P e + =0 based on [26] . Since the cross section depends on the mediator scale as Λ −4 , the extension with positron polarization is significant, the equivalent of a 25% increase in running time 3 . This does not account the ability to test the control of systematics, as described in the previous paragraph, or the fact that, in the event of a discovery, positron polarization can assist in determining the operator structure of the production process [27, [29] [30] [31] .
• Heavy Leptons: The study of W pair production can reveal t-channel exchange of new heavy leptons with masses beyond the ILC collider energy. Exchange of such heavy leptons changes the chirality structure of the production process, so it is in principle distinguishable from modification of the triple gauge couplings, which leaves the production chirality-conserving. To measure this effect, however, double polarization asymmetries are needed [32] . Thus, for this search, positron polarization is required.
• R-Parity Violating SUSY: While there are strong bounds from the LHC on strongly interacting SUSY particles decaying into final states with large missing transverse energy (MET), electroweak new particles are much less constrained, especially in R-parity violating models, which give small MET. A search that is particularly powerful for e + e − colliders is that for s-channel exchange of a scalar neutrino, which would then decay to µ + µ − or τ + τ − . This is another example in which the new process has a chirality structure different from that of the SM. In this case, longitudinal positron polarization increases the signal-to-background ratio by more than a factor 2 [25] . This leads to an increased discovery reach, not only to higher masses, but also to smaller R-parity violating couplings.
• Contact Interactions: Finally, a model-independent search for contact interactions in Bhabha scattering profits significantly from the ability to measure the cross sections for all four helicity combinations which are available with both beam polarized [25] . In this example, positron polarization increases the reach in probed energy scales of new physics by a factor 1.3.
Conclusions
In this document we discussed the impact of positron polarization on the ILC physics program, with special emphasis on a first energy stage at 250 GeV. While the statistical effects on many standard Higgs and electroweak observables are small, and could be compensated by longer operation time, positron polarization plays an important role in controlling systematic uncertainties, and thus enables us to fully 3 With P e + =0, an additional 940 fb −1 would be needed to reach the same sensitivity. Assuming the luminosity upgrade with an annual luminosity of 384 fb −1 , this corresponds to 2.5 years of additional operation, which is about 25% of the running time foreseen for the 250 GeV stage.
exploit the potential of the ILC. Without positron polarization, many important measurements will be limited by systematic uncertainties.
In many cases positron polarization opens the door towards more model-independent interpretations of the data, which are important both in presence and in absence of discoveries. In case of discoveries, positron polarization plays a large role in identifying the underlying new physics model. But it also can be the decisive handle to identify an observation with (otherwise) medium significance as incompatible with the SM, and thus as a real discovery.
In conclusion, we find that positron polarization has an important role to play in the ILC program.
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